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ABSTRACT

The balance of the two principal carbon-mediating
processes (fire and biological decomposition) across
forested landscapes requires differing approaches to
managing fuel accumulation and dispersion.  Relative
dependency of harsh habitats (hot/cold/dry) on fire
suggests management approaches will require at least
some direct physical intervention via prescribed fire
treatments, thinning and/or harvest removal.  Con-
versely, moderate habitats (warm/moist), where bio-
logical decomposition plays a prominent role, provides
opportunities for increasingly harnessing biological
actions as a means of moderating fuel conditions.
Management of forest structure to raise (or lower) tem-
peratures and to improve ground-level moisture con-
ditions, in combination with physically modifying fuel
to enhance activities of endemic or introduced decom-
posers, holds considerable promise for reducing the
long-term fuel accumulation problems in moderate
forest environments.

Key words: Decomposition, fire effects, fuel treatment,
partial cutting, soil microbes, thinning.

FIRE/DECAY CODEPENDENCIES

Perhaps the most notable characteristic of western in-
terior forests is their tendency to rapidly accumulate
carbon over time (Olsen 1981).  The photosynthetic
(carbon fixation) process is much less limited by this
environment than is respiration-driven biological de-
composition.   Thus, fuel accumulates and eventually
burns, or must be removed (Harvey et al. 1979).

Overview of Forest Condition:

Fire events in forests of the western U. S. vary from
every few years to centuries.  Weather patterns provide
enough lightning to cause widespread ignitions, with
or without the help of humans (Olsen 1981).  In the
absence of fire, succession advances, stand density in-
creases, nutrients are sequestered in accumulating or-
ganic debris and turnover (carbon/other nutrients)

slows.  Specific benefits of charcoal (pH control, detoxi-
fication/adsorption of phenolic derivatives, enhanced
microbial activity) in forest soils are likely reduced.
Thus, ecosystem development without fire is eventu-
ally impaired (Zackrisson et al. 1996, Harvey 1994a,c,
Harvey et al. 1976).  Historical fire cycles processed
fuel accumulations and maintained other critical pro-
cesses.  If accumulation persists over excessively long
time periods, fire events can be extreme and poten-
tially damage sites and nutrient cycling processes
(Sampson and Clark 1995).

Success with fire control this century has placed most
short-fire-cycle interior forests in the dense, high fuel
accumulation category (Sampson and Clark 1995).
These forests are generally successionally advanced
with high mortality.  Dry season wildfires can now put
both soils and vegetation, including root systems, at
inordinately high risk to mortality or outright loss
(Harvey 1994a, Swezy and Agee 1991).

Succession and Structure:

Associated with the rapid change from open seral to
dense climax dominated stands are significant alter-
ations of both the above- and below-ground structure
of trees and the stands and landscapes that support
them.  Perhaps the most striking, at least in dry for-
ests, is the increased number of stems relative to his-
torical forests (Covington et al. 1994, Gast et al. 1991,
Baker 1988) and likely a corresponding change in root
distribution.  However, other changes are no less sig-
nificant or important, if visually less striking.  Some
are even more widespread and are often typical of both
dry and moist forests.  For example, species composi-
tion, canopy height and shape, foliar dispersion, den-
sity (flammability) and nutrient content are all likely
to be changed in both dry and moist ecosystems.

Western white pine (Pinus monticola Dougl. ex. D.
Don) and western larch (Larix occidentalis Nutt.) tend
to be tall and self prune well, even in moderately dense
stands.  They also carry large branches high in their
crowns and have good foliar dispersion (Minore 1979).
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Foliage and small branch wood from western white
pine and western larch is of particularly low bulk den-
sity (and nutrient content) compared to most climax
species (Minore 1979).  Consequently, these stands
carry their canopies well above surface fuels, tend not
to have ladder fuels, do not carry crown fires well, and
generally have low nutrient content.  Thus, canopy
nutrient stores are relatively well protected from fire.

In comparison, intermediate-age ponderosa pine (Pinus
ponderosa Laws.), Douglas-fir (Pseudotsuga menziesii
[Mirb.]Franco), grand fir (Abies grandis [Dougl. Ex.
D. Don.]Lindl.), western hemlock (Tsuga heterophylla
[Raf.] Sarg.) and western red cedar (Thuja plicata
Donn) are not tall, do not self prune well (especially
when young), carry large branches low in their cano-
pies (strong conical shape), do not have good foliar
dispersion, and have relatively high bulk densities with
resulting high nutrient concentrations in foliage and
small branchwood (Minore 1979, Brown 1978, Van
Wagner 1977).  Therefore, stands dominated by these
species often have ladder fuels, carry crown fires well
and have a generally high nutrient content in tissues
susceptible to loss from fire.

Soil:

Below ground there are similar changes.  Pines and
larch tend to be deep rooted while the true firs, hem-
lock and cedar all tend to be relatively shallow rooted
with high levels of feeder root development (and myc-
orrhizae) in the high nutrient content, shallow soil
organic layers (Gale and Grigal 1987, Harvey et al.
1976, Minore 1979).  Douglas-fir also shows such
trends when compared to ponderosa pine but less so
than with other climax species (Minore 1979).

Thus, nutrients and nutrient turnover are likely to be
dispersed vertically in soils dominated by seral species
and concentrated in shallow soil horizons with climax
species.  Feeder roots of all plants tend to accumulate
in the shallow, high resource organic horizons
(Marschner and Marschner 1996, Robinson 1994).
Therefore, soil surface nutrient stores and feeder roots
in climax species dominated stands (or seral stands if
surface organics accumulate from fire exclusion) can
be more at risk to wildfire, or other disturbance, than
those in pine and/or larch dominated stands.  This risk
can be magnified on infertile sites.  In dense stands
climax species may be much more demanding of re-
sources (nutrients and water) than the historically open
stands of seral species and, in some species combina-
tions, they may also be less tolerant of short supply
(Minore 1979).

Soils subjected to high intensity fires can lose not only
surface reserves of organic matter and nutrients, but
also those incorporated relatively deep within the soil
profile: A problematic situation from the standpoint of
practicing long-term sustainable forestry (Harvey et al.
1994c).

Genetics:

Even more subtle, but no less important, are differ-
ences in the overall genetic nature of these forests.
Western white pine, ponderosa pine, western larch and
western red cedar all tend to be broadly adapted to a
wide range of sites and environments, while others tend
to be more finely tuned within their respective ranges
of sites and environments (Rehfeldt 1994).

Mortality Responses:

Tree stress based on site resource limitations, insect or
pathogen activities, competition and short- or long-
term environmental variation, is therefore much more
likely in climax species stands (except for western red
cedar) than with seral species stands.  Similarly, toler-
ance to disturbances within the stand, or with climatic
variations or trends that affect the stand externally, can
be expected to cause rapid responses with climax and
low or no responses in stands dominated by seral spe-
cies.

LOCAL / GLOBAL REPERCUSSIONS

Fuel accumulations in western interior forests have
made it increasingly difficult to suppress fires during
the last decade.  As a result, fires have become larger,
more extreme and more environmentally damaging
since the late 1980s.  More lives, property, timber and
soils have been at more risk than for the preceding
century.  The toll is adding up, and likely to continue
doing so (Clark and Sampson 1995, Sampson and
Clark 1995).

Rather than a natural and largely positive process in
the development of ecosystems, fires now have high
potential to become a significant threat to soils and
biological systems (Harvey 1994a,c).  Additionally,
western interior forests this century have been a sub-
stantial and globally significant carbon sink prior to
the early 1980s.  However, wildfires have released more
carbon than sequestered for most of the last decade
(Auclair and Carter 1993).  So, regional forest health
and carbon cycling problems now have global as well
as regional ramifications (Sampson and Clark 1995,
Harvey 1994b).
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WHERE TO FROM HERE?

Forested landscape patterns and processes result from
a complex interaction of physical and biological pro-
cesses acting over time spans of at least several hun-
dred years, perhaps more.  In the last hundred years
the human dimension has significantly altered histori-
cal patterns.  Current concerns by many biologists sug-
gest a critical need to begin restoration of landscapes
to more historically appropriate patterns of both dis-
turbance and post-disturbance conditions in order to
allow natural processes to function (U. S. Department
of Agriculture, Forest Service 1996).

TRADITIONAL APPROACHES

Post-harvest Emphasis:

Traditional methodology for fuel treatment is largely
limited to treating post-harvest or salvage situations
where significant portions of the stand will or have
been removed and portions of the funds generated off-
set the costs of treatment.

The unpopularity of harvest, prescribed fire and/or
salvage operations introduces a significant political
dimension, even in or around high value land devel-
opments where clear air and quality vistas are extremely
valuable.  Lack of opportunity has become a signifi-
cant constraint!

Windows of Opportunity:

Regional climate may place severe limitations on the
opportunities to create desirable burn characteristics,
often delaying treatment several years and sometimes
rendering successful treatment, especially with broad-
cast burning methodologies, essentially impossible.

Logistical and Cost Limitations:

Often the most appropriate burning method for envi-
ronmentally friendly slash treatment, broadcast burn-
ing, has very narrow windows of opportunity, is risky,
requires expensive logistical support and fire-control
back-up capabilities.  However, other options for ef-
fective treatment are limited and may also be costly.

Environmental Costs:

Although piling and/or windrowing and burning is
much cheaper and easier from the standpoint of “up-
front” costs and opportunities, the environmental costs
in terms of compromising future forest development

through increased compaction or decreased soil organic
and nutrient reserves can eventually be very costly.

Economic Costs of Removal:

Unfortunately, the materials most often making the
greatest contributions to undesirable fuel accumula-
tions are also of least commercial value (small, stained,
poor form, undesirable species, etc.) so there are lim-
ited opportunities for value of the material to subsi-
dize site treatment, especially where the materials are
distant from potential markets.

NEW POSSIBILITIES

Creating New Windows of Opportunity:

Current interest in and wide use of partial cutting meth-
ods potentially expands the windows of opportunity
for treating slash progressively with several entries into
forest stands.

Restoring Vertical/horizontal Structure:

Complete treatment and restoration of appropriate (his-
torical conditions - healthy forests) stand conditions
with a single entry is at best difficult and potentially
unreliable.  However, again partial cutting with sev-
eral entries provides the opportunity to restore den-
sity, species composition and fuel accumulations in
stages where outcome trends can be adjusted over time.
This approach is attractive because it is adjustable, but
only if it can carried out in a timely enough fashion to
be effective!

Use Slash for Soil/site Amelioration:

Appropriately managed slash accumulations can be
pre-treated and arranged to protect soil resources at
any stage of multiple entry scenarios.  By so doing,
use of prescribed fire, or unintended wildfires, will have
much lower risk for generating soil damage.

Seral Species Retention:

Perhaps the most important fuel management prob-
lems we face are those tied to advancing forest succes-
sion.  In dry forests density is a significant problem,
along with conversion of ponderosa pine to Douglas-
fir dominance.  In wet forests density is probably not a
significant problem.  The loss of seral species (white
pine, larch, ponderosa pine) as major stand compo-
nents is!  Thus, any entry in high resource, fire-domi-
nated ecosystems should have the restoration of seral
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species as the primary objective.  Reducing density,
except as a side effect of adjusting species composi-
tion, should probably not be a primary objective.

Excessive reduction of density where resources are in
good supply may be self defeating.  Allowing natural
selection processes to act in high resource forests may
be extremely important, as long as these processes have
the opportunity to function in a manner that at least
resembles historical conditions (see McDonald et al.
these proceedings).

Treating Materials Destined for Slash:

With more than one entry into a forest stand comes
the opportunity to preselect materials destined to be-
come slash at any point in stand development.  Treat-
ing those materials, standing or down, for enhancing
recycling processes can begin early enough that they
do not become a fuel problem associated with later
planned disturbances or wildfire.  Thus, thinning from
below may select for products or for materials that will
become slash at later harvest, or remain as risky fuels
during stand development.  These materials can be
treated in a manner consistent with initiation of rapid
biological decomposition (see below).

Site and Landscape Opportunities:

Dispersion of slash can and should take advantage of
the high moisture available in shaded areas and in
drainage ways or other relief patterns.  Availability of
slash can also provide opportunities for protecting
unstable soils, drainage ways, springs and/or small
streams.  As with any source of problems, there are
usually opportunities within, if they can be seen that
way.

Subsidizing “Friendly” Approaches:

All the above are likely to cost more than most tradi-
tional methods.  However, when viewed as a contribu-
tion to future values, and as a savings in costs for con-
tinued fire management under the worst of conditions,
significant investments in the form of subsidies ap-
pear more than warranted.

Enlisting the help of endemic biological agents for
processing portions of excess accumulations of woody
debris remains a far greater opportunity than is gener-
ally recognized.  Improving the situation for biologi-
cal decomposition can and should be a part of virtu-
ally all management operations and need not gener-
ally add greatly (perhaps not at all) to overall costs.

DECAY: AN ECOSYSTEM PROCESS

Biological decomposition is ongoing in both living and
dead woody materials (Lowell et al. 1992, Wagener
and Offord 1972, Buchanan 1940).  A myriad of mi-
croorganisms including fungi, bacteria, protozoa and
invertebrates, individually and/or collectively, contrib-
ute to the decomposition process.  Climatic weather-
ing and interactions of the substrates with existing flora
and fauna also contribute significantly (Torgerson and
Bull 1995, Moldenke and Lattin 1990, Edmonds and
Eglitis 1989).

End Products of Decay:

There are two major types of decay in woody plants,
white- and brown-rot.  Typically, white-rot fungi break
down carbohydrates and lignin at somewhat similar
rates leaving a light-colored, stringy product.  Brown-
rot fungi break down carbohydrates and leave lignin
essentially unchanged, producing a dark colored, crum-
bly product (Highly et al. 1979, Larsen et al. 1980).  In
the interior region of the western United States, the
principal decay process for large dimensional, dead,
coniferous woody materials is of the brown-rot type
(Larsen et al. 1980) that is typical of conifer ecosys-
tems (Gilbertson 1981).

The products from these two decay processes function
quite differently in forest ecosystems.  Brown-rot end
products are rich in nutrients and water and in some
situations can substitute for forest humus (Ponge et al.
1998, Larsen et al. 1980).  They are also very persis-
tent and form unique deposits in and on forest soils (or
streams) that support a number of highly specific func-
tions (Ponge et al. 1998, Harmon et al. 1986, Harvey
1994a, Larsen et al. 1980).  In contrast, white-rot end
products do not tend to be rich in resources, are rap-
idly incorporated into soil humus and function prima-
rily as such (Boddy 1991, Hintikka 1970).  See also
Graham et al. (this proceedings).

HARNESSING DECAY

Moisture and Temperature Requirements:

Moisture and temperature regimes are the primary
controlling factors for microbial actions driving wood
decay processes (Edmonds 1990, Etheridge 1958).  The
effects of both are critical.  Many decay fungi are un-
able to grow above 40oC.  They usually have tempera-
ture optima between 15-35o C.  Jensen (1967) indi-
cated that minor temperature fluctuations stimulate
growth.  For many fungi, minimum temperatures for
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growth are below 0o C (Pechmann 1966).  Many wood
decay fungi can be expected to be active during the
winter.  Additionally, exposure to cold stimulates
growth when temperatures do become optimal
(Pechmann 1966).

Temperature extremes and moisture deficits have been
reported as decay limiting by Kimmey (1955), Childs
and Clark (1953), Buchanan (1940) and Hubert (1920),
among others.

Moisture extremes also limit the rates of wood decay
(Yoneda 1980).  Pechmann et al. (1967), reported that
substrates with moisture contents below 30 or above
120 percent were not colonized readily by decay fungi.
White rot fungi are generally more prevalent in high
moisture substrates, brown-rot fungi mor so in low
moisture substrates (Zabel and Morrell 1992).

Wood in close proximity to or in contact with soil
readily absorbs moisture and nutrients from it.  Sub-
strates in such a location generally decay much faster
than variously suspended material (Edmonds et al.
1986, Levy 1979, Aho 1974).

Chemical Treatment of Slash:

Lack of nitrogen is one of the primary factors govern-
ing rates of invasion and decomposition of woody
materials (Cowling and Merril 1966, Bollen and
Glennie 1961).  Infusing stem sections with nitrogen
can greatly enhance decomposition rates under labo-
ratory conditions (Merril and Cowling 1965).  It fol-
lows then that applying nutrients (fertilizers, sludge,
fire retardants, etc. [Bollen 1974]) to woody litter might
bring about more rapid decomposition in the forest.
However, historic attempts to apply nutrients, with or
without added fungal inoculum, have not been greatly
encouraging, with either chips or intact woody litter
(Bollen and Glennie 1961, Lohman 1959).  Sufficient
penetration into the substrates is a problem with either
chips or slash (Bollen 1974).

Direct applications of several nutrients to the forest
floor can induce fruiting of some fungi in soil litter
and humus (Sagara and Hamada 1965).  However, it
is not clear whether such treatments can effectively
enhance decay rates.

Converting Slash to Chips:

There has been considerable interest in the use of chips,
including sawdust, as a means of dealing with excess
or non-merchantable woody residue (fuel), or as a site

amelioration treatment (Bensen 1982, Allison 1965,
Bollen and Glennie 1961).  However, leaving slash on
site in the form of chips or sawdust to accelerate bio-
logical disposal has not yet proven effective.  The per-
sistence of sawdust piles at old mill sites serve as
graphic examples.  If chips or sawdust are incorpo-
rated into the soil, there is an immediate tie up of all
available nitrogen to support the resulting microbial
decomposition of the chips.  This practice is good for
wood decomposition but bad for growth of vegetation
(Allison 1965, Bollen and Glennie 1961).

Rapid decomposition of chips on or in soil is short-
lived, they soon absorb an excess of moisture and de-
composition is slowed.  Decomposition becomes pri-
marily a bacterial-driven soft rot!  When placed uni-
formly on the soil surface as a shallow layer, chips act
as an insulator insuring cool temperatures, along with
limited oxygen.  On high elevation sites, near Dubois,
Wyoming (3,000m), where a uniform layer of chips
(ca. 15-20 cm deep) was returned to the site, soils were
still frozen under the chips in early August (“Styrofoam
effect”)!  Further, moisture collecting in low spots had
visible brown discoloration from wood leachates (“ex-
tractive effect”) even five years after the treatment.
After bleaching in the sun these chips provided a highly
efficient reflective surface.

Lodgepole pine seedlings planted in this treatment
could not produce root systems in the cold soils, were
killed directly by water soluble phenolic toxins or suf-
fered extensive cambium damage from reflected sun-
light.  On the other hand, non-symbiotic nitrogen fixa-
tion rates in the chips, particularly in piles, were some
of the highest ever measured (Jurgensen et al. 1979).

Experiments on inoculations of chip piles in the in-
land northwest with both pure and mixed cultures of
fungal decomposers, and various bacteria and yeasts
have been encouraging.  These studies show substan-
tial increases in early chip pile decay rates (up to 40%
wt. loss compared to less than 1% for controls), espe-
cially with mixed culture inoculations (Blanchette and
Shaw 1978a,b).

Similar efforts by the authors and others in the Cali-
fornia Sierras, adjacent to the University of California’s
Blodgett Experimental Forest, used small, elongated
chip piles to avoid the “Styrofoam” effect and to mini-
mize problems with “extractives”).  Some were inocu-
lated with pure cultures of several aggressive decom-
posers, including Postia placenta (Fr.) M. Lars. et
Lomb., a brown rotter shown to be an aggressive wood
colonizer (Blanchette and Shaw 1978a).  Early ( first
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two years) accumulation of excess moisture appeared
to be a problem in even these small piles.  However,
after five years the interiors are decomposing nicely
with little residual signs of anaerobic conditions.  There
is excellent fungal development and clear evidence of
both white and brown rot fungal activity in the centers
of the piles.  Some softening of the pile centers is also
evident. Inoculations do not yet appear to have been
effective for hastening decomposition.

Redefining Chips:

Our current approach is to redefine “chips” to include
much larger material than would be traditional.  These
chips would look more like “chunks” and include ma-
terial more the size of golf balls, baseballs or even bas-
ketballs, rather than coins.  Such material should pro-
vide more “natural” environments for both white- and
brown-rot fungi.
This substrate size and character will permit rapid pen-
etration of microbes through end cut or crushed con-
ductive tissues.  It should remain moist and relatively
intact, even if the site burns.  It should also provide for
gradual export of extractives to the soil and not be as
quick to accumulate excess moisture as would small
materials.  Several studies of such material are cur-
rently being installed.

MANAGING THE ORGANISMS

The use of wood inhabiting fungi (or arthropods) to
ameliorate accumulations of residues, whether in
whole-log form, as chips or as “fines,” is a process
that has seen relatively little work and modest success.

Small Fuels:

With small logging slash, primarily in the form of fo-
liage and fine branches, Larsen et al. (1981) concluded
that fresh material lost much of it’s biomass and sub-
stantial portions of bound nutrients after even a single
winter.  This suggests rapid downward movement of
nutrients into the soil, along with the accompanying
reduction in “flash” fuels.  It also indicates such fuels
will be dispersed rapidly where snow is an effective
force for compressing it onto or in the proximity of the
soil.

Self pruned branch materials are frequently up to 40%
decayed, even before they arrive on the ground (Boddy
1991).  For the most part, branches and twigs are com-
pletely decomposed, primarily by white rot fungi, in
most forest ecosystems in less than 20 years, often
within the first 4 or 5 years (Rayner and Boddy 1988).

Fine fuels, although temporarily dangerous as a source
of ignition, are a short-term problem.

Large Fuels:

Large branches and logs, in contrast, can remain a fuel
problem for perhaps a century or more, especially on
sites where decomposition is severely limited (cold,
dry).  Brown-rot fungi are usually the predominant
decomposers of large residues in conifer ecosystems,
especially those with developed heartwood (Boddy
1991, Gilbertson 1981, Larsen et al. 1980, Levy 1979).
This, despite the fact that brown-rot fungi are very
much in the minority, when compared to white-rots,
at least in terms of numbers of species in the system
(Boddy 1991, Gilbertson 1981).

Discussions with regard to fungi or other organisms
targeted as potentially useful for direct inoculation of
slash, or for manipulating micro environments to en-
courage activities of specific natural populations, must
be generalized and speculative.  But, there is enough
information on the ecology of several organisms, in-
cluding both white- and brown-rot fungi, to indicate
there are fertile areas for investigation of specific or-
ganisms and environments that could lead to signifi-
cant progress in accelerating biological decomposition
of slash.  Early capture of substrates will be critical for
introduced white rotters to establish themselves, espe-
cially in large materials (Rayner and Boddy 1988,
Rayner and Todd 1979).  However, brown-rot fungi
will likely overwhelm white-rot fungi in large materi-
als of interior ecosystems (Harvey et al. 1998).

UPSIDES AND DOWNSIDES

Significantly increasing the participation of biologi-
cal decomposition in delaying or treating excessive fuel
accumulations should improve opportunities for varia-
tions of partial cutting to create more historically ap-
propriate conditions, especially with regard to density
and species composition.  Similarly, reducing fuels
without the high risk to soil resources associated with
fire could be a significant advantage.  Particularly help-
ful where fuel accumulations are especially large, where
site resources are in short supply or where high prop-
erty values render fire treatments especially risky.

On the other hand, completely eliminating fire, or other
major disturbance, from forested landscapes for pro-
tracted periods can create problems.  For example, re-
ducing the ability of soils to buffer acidification pro-
cesses, to detoxify many chemicals (natural or other)
or to support charcoal and high pH-dependent micro-
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bial communities (Zackrisson et al. 1996, Harvey et
al. 1976).  Lack of significant disturbance in moist
forests may result in immobilization of nutrients and
increasing moisture retention (Bormann et al. 1995).

The latter can initiate loss of tree cover and possibly
formation of bog, muskeg or treed shrub-heath veg-
etation types, rather than closed forest (Kimmens
1994).  Thus, long-term absence (200-400 yrs.) of sig-
nificant soil disturbance can result in substantially
degraded site conditions, potentially rendering them
no longer able to support healthy forest cover (Bormann
et al. 1995).

Additionally, leaving inappropriate types of slash on
forested sites has the potential to be a significant at-
tractant to and substrate for increasing potentially
harmful insect activities (Fellin 1980).  The nature of
these “downsides” have not been fully explored in in-
terior forests but early trials should be mindful of po-
tential problems.

In any case, adding improved biological dimensions
to current approaches for fuel treatment should pro-
vide a wider range of potential methodologies and con-
tributions for restoring problematical forested land-
scapes to conditions more in tune with their biological
history!  Such approaches should be particularly effec-
tive on productive sites (relatively warm/moist) where
physical modifications have high potential to improve
moisture/temperature conditions for  decay of fuel ac-
cumulations.

CONCLUSIONS

Human settlement-driven reductions in fire frequency
have seriously altered accumulations of all types of fuel,
including woody debris, in most north temperate for-
est ecosystems, especially in the interior west.  Many
are now sufficiently laden with fuel that fires, either
wild or prescribed, can cause excessive soil damage.
Many of the most problematical situations are located
in, or proximal to, valuable properties and people where
smoke or harvest removals are generally frowned upon
and application of planned burning is expensive, risky
and likely to be unpopular.  Public, private and corpo-
rate forest operations are faced with circumstances
where available methodologies to manage fuels are
often not practicable or acceptable and fuels will con-
tinue to accumulate until the inevitable worst-case fire
events occur.

Accelerating biological decomposition in ecosystems
where the process is normally both temperature and

moisture limited is not a trivial problem.  However,
changing forest structures to raise (or lower) tempera-
tures and/or to improve available moisture, in combi-
nation with modifying the physical structure and ar-
rangements of resulting slash to enhance activities of
native decomposers holds promise as an approach for
reducing fuel and flammability of high fuel forests.  It
also seems probable that harnessing specific organisms
(perhaps different ones [or mixes] with different envi-
ronments and substrates) has potential to add to this
process.

On balance, incorporating more active contributions
from biological processors to both traditional and non-
traditional methodologies for managing fuel has great
potential to contribute significantly to solutions for
managing west-wide fuel accumulations, species com-
position changes and related forest health and
sustainability problems.
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